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Extended Data Fig. 4 | Amino acid racemization. Extent of intra-
crystalline racemization in enamel for the free amino acid (FAA, x axis) 
fraction and the total hydrolysable amino acids (THAA, y axis) fraction 
for four amino acids (Asp plus Asn (here denoted Asx), Glu plus Gln 
(here denoted Glx), Ala and Phe). Note the differences in axis scale. 

Intra-crystalline data from Proboscidea enamel from a range of sites in 
the UK64 have been shown for comparison (grey crosses). Taxa from both 
Dmanisi and the UK exhibit a similar relationship between FAA and 
THAA racemization, and R2 values have been calculated on the basis of a 
polynomial relationship (order = 2, all > 0.93).



Letter RESEARCH

Extended Data Fig. 5 | Phosphorylation in the proteome of ancient 
enamel. Annotated spectra including phosphorylated (here denoted 
ph) serine (S). a, Phosphorylation in the S-X-E motif of AMELX. 
b, Phosphorylation in the S-X-phosphorylated S motif of AMBN. 

Phosphorylation was independently observed in all three separate  
analyses of Dm.5/157–16635, including multiple spectra and peptides 
(Extended Data Fig. 2).
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Extended Data Fig. 6 | Phylogenetic relationships between the 
comparative reference dataset and specimen Dm.bXI–16857. Consensus 
tree from Bayesian inference. The posterior probability of each bipartition 
is shown as a percentage to the left of each node.
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Extended Data Fig. 7 | AMELY-specific matches. a, Specimen 
Dm.6/151.4.A4.12–16630. b, Specimen Dm.69/64.3.B1.53–16631.  
c, Specimen Dm.8/154.4.A4.22–16639. d, Specimen Dm.M6/7.II.296–

16856. Note the presence of deamidated glutamine (deQ) and asparagine 
(deN), oxidated methionine (oxM) and phosphorylated serine (phS).
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Extended Data Fig. 8 | Effect of the missingness in the tree topology.  
a, Maximum-likelihood phylogeny obtained using PhyML and the protein 
alignment that excludes Dm.5/157–16635. b, Topologies obtained from 
100 random replicates of the woolly rhinoceros (C. antiquitatis). In each 
replicate, the number of missing sites was similar to that observed for 

the Dm.5/157–16635 specimen (72.4% missingness). The percentage 
shown for each topology indicates the number of replicates in which that 
particular topology was recovered. c, As in b, but for the Javan rhinoceros 
(R. sondaicus). d, As in b, but for the black rhinoceros (D. bicornis).
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Extended Data Table 1 | Genome and proteome survival in 23 specimens of fossil fauna from Dmanisi

The CGG reference number and the GNM specimen field number are reported for each specimen. B, bone; D, dentine; E, enamel. Extractions of enamel might include some residual dentine.  
Accordingly, both tissues are either listed separately (in cases with no collagen preservation) or together (in cases with collagen preservation). Open circles indicate no molecular preservation;  
closed circles indicate molecular preservation.
*Or the narrowest possible taxonomic identification achievable using comparative anatomy methods.
†Only collagens survive.
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